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Abstract 

Four strains of a novel ascomycetous yeast species were recovered from the frass of wood-boring beetles collected from the 
Baotianman Nature Reserve and the Laojieling Nature Reserve in Henan Province, China. This species produced 
unconjugated and deliquescent asci with hemispheroid or helmet-shaped ascospores. Analysis of gene sequences for the 
D1 /D2 domain of the large subunit (LSU) rRNA, as well as analysis of concatenated gene sequences for the nearly complete 
small subunit (SSU) rRNA and D1/D2 domain of the large subunit (LSU) rRNA placed the novel species in a small clade 
including only one recognised species, Candida insectamans, in the family Debaryomycetaceae (Saccharomycotina, 
Ascomycota). DNA sequence analyses demonstrated that the novel species was distinct from all currently recognised 
teleomorphic yeast genus. The name Hemisphaericaspora nanyangensis gen nov., sp. nov. is proposed to accommodate the 
novel genus and species. The new genus can be distinguished from closely related teleomorphic genera Lodderomyces and 
Spathaspora through sequence comparison and ascospore morphology. The ex-type strain of H. nanyangensis is CBS 1 3020 T 
( = CICC 33021 =NYNU 13717). Furthermore, based on phenotypic and genotypic characteristics, C. insectamans is 
transferred to the newly described genus as Hemisphaericaspora insectamans comb, nov., in accordance with the changes in 
the International Code of Nomenclature for algae, fungi and plants. 



Citation: Hui F, Ren Y, Chen L, Li Y, Zhang L, et al. (2014} Molecular Phylogenetic Analysis Reveals the New Genus Hemisphaericaspora of the Family 
Debaryomycetaceae. PLoS ONE 9(7): e103737. doi:10.l371/journal.pone.0103737 

Editor: Patrick C. Y. Woo, The University of Hong Kong, Hong Kong 

Received March 29, 2014; Accepted June 30, 2014; Published July 30, 2014 

Copyright: © 201 4 Hui et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited. 

Data Availability: The authors confirm that all data underlying the findings are fully available without restriction. All relevant data are within the paper and its 
Supporting Information files. 

Funding: This work was supported by the National Natural Science Foundation of China (31370073) and the Research Planning Project of Basic and Advanced 
Technology of Henan Province, China (1 2230041 0032). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of 
the manuscript. 

Competing Interests: The authors have declared that no competing interests exist. 
♦ Email: huifl@126.com 



Introduction 

The family Debaryomycetaceae was proposed by Kurtzman 
and Suzuki based on a concatenated dataset of gene sequences 
from D1/D2 large subunit (LSU) and small subunit (SSU) rRNA 
[1]. Currendy, the family comprises 11 teleomorphic genera, 
namely Debaryomyces, Kurtzmaniella, Lodderomyces, Meyerozyma, 
Millerozyma, Priceomyces, Scheffersomyces, Schwanniomyces, 
Spathaspora, Wickerhamia and Yamadazyma [1,2]. A number of 
anamorphic species within the family are currently members of the 
polyphyletic genus Candida. The majority of taxa included in the 
family Debaryomycetaceae form pseudohyphae, but species of the 
genus Wickerhamia do not [3] . With the exception of the genus 
Spathaspora, all teleomorphic species do not form septate hyphae 
[4]. Interestingly, most species of genus Scheffersomyces and 
Spathaspora possess the rare ability to ferment D-xylose, which 
gives them economic potential for production of bioethanol from 
plant waste residues [4—6]. 

At present, over 100 yeast species belong to the family 
Debaryomycetaceae. Members of the family are reported to have 
been isolated from a wide variety of substrates, such as soil, water, 
foods, plant substrates and animal-associated samples [7,8]. 
Numerous of these yeast species are known to be associated with 
wood-feeding insects and specifically Scheff ersomyces and Spathas- 
pora members commonly found in the gut of this insects. For 



example Pichia stipitis ( = Scheffersomyces stipitis)-like yeasts are 
reported to be obligately associated with wood-boring beetles [6] . 
Other insect associates are Candida entomaea ( = Yamadazyma 
mexicana) from insect tunnels, Spathaspora arborariae from rotting 
wood and Candida insectamans from the frass of beetle larvae [9- 
11]. More recendy, Suh et al. described four other insect- 
associated species, Scheffersomyces parashehatae, Scheffersomyces 
xylosifermentans, Candida broadrunensis and Candida manassa- 
sensis, isolated from wood-boring beedes, their frass and galleries 
[12]. 

In a study of yeasts from wood-boring insects, we isolated a 
large number of yeasts mainly from the digestive tract of beetles as 
well as from related substrates, including rotted wood, frass and 
galleries [13,14]. The majority of the yeast belonged to several 
major clades in the Saccharomycotina; some of these species have 
been identified as novel species in earlier papers [13-16]. Amongst 
the insect associates, we focused on four strains of a sexual 
ascomycetous yeasts from the frass of beetie larvae in China. The 
strains produce hemispheroid or helmet-shaped ascospores in 
unconjugated and deliquescent asci. Analysis of the D1/D2 
domain of the LSU rRNA gene sequence alone as well as a 
phylogenetic analysis based on the combined gene sequences of 
nearly the entire SSU and D1/D2 domain of the LSU rRNA 
revealed that the above-noted strains represent an undescribed 
teleomorphic yeast species in the Candida insectamans clade. This 
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clade is phylogenetically well separated from currently recognised 
teleomorphic genera assigned to the family Debaryomycetaceae. 
Hence, we propose the new genus Hemisphaericaspora gen. nov. 
and the novel species Hemisphaericaspora nanyangensis gen. nov., 
sp. nov. to accommodate these strains. 

Materials and Methods 

Yeast Isolation and Culture 

Frass samples of wood-boring beeties were collected in the 
Baotianman Nature Reserve (33°27'N and 1 1 1°48'E) and the 
Laojieling Nature Reserve (33°44'N and 1H°28'E) located in 
Henan Province, China, at the Southern part of Funiu Mountain 
(Table 1). All necessary permits were obtained from Baotianman 
Nature Reserve Administration of Henan, China, and from 
Laojieling Nature Reserve Administration of Henan, China. The 
field collections were made according to Chinese diversity rules, 
and the field studies did not involve endangered or protected 
species. Isolation of yeast strains from insect frass was performed 
through a previously described method [17]. Samples were 
directly streaked on acidified yeast extract-malt extract (YM) agar 
(0.3% yeast extract, 0.3% malt extract, 0.5% peptone, 1% glucose, 
2% plain agar, adjusted to pH 3.5 with HC1) plates supplemented 
with 0.025% sodium propionate and 200 mg chloramphenicol 
L . Cultures were incubated at 25°C, and single yeast colonies 
were streaked at least twice for purification. Purified yeast strains 
were maintained in YM slants or 30% (v/v) glycerol. 

Morphological, Physiological and Biochemical 
Characteristics 

The standard yeast description includes morphological obser- 
vations and metabolic tests performed according to established 
methods [18,19]. Assimilation tests for carbon and nitrogen 
sources were performed in liquid media. Starved inocula were 
used in nitrogen and vitamin assimilation tests. Growth at various 
temperatures was determined by cultivation on YM agar. Mating 
and ascospore formation were investigated by growing individual 
or mixed strain pairs on YM agar, 5 % malt extract agar, cornmeal 
agar and yeast carbon base supplemented with 0.01 % ammonium 
sulfate (YCBS) agar at 17 and 25°C for 1-4 weeks. 

DNA Extraction, PCR Amplification and Sequencing 

Genomic DNA was extracted with a Dr. GenTLE (from yeast) 
High Recovery kit according to the manufacturer's protocol 
(Takara Bio, Shiga, Japan). The concentration, integrity and 
purity of total extracted DNA were confirmed by gel electropho- 
resis in 0.8% agarose in 0.5 x Tris-Borate-EDTA (TBE). The Dl/ 
D2 domain of the LSU rRNA gene and internal transcribed 



spacer (ITS) region were amplified by PCR and sequenced using 
the primer pairs NL1 and NL4 [20] and ITS1 and ITS4 [21], 
respectively. The nearly complete SSU rRNA gene sequence was 
determined using a method described by Kurtzman and Robnett 
[22]. PCR conditions recommended in the references for each 
primer pair were used. The purified PCR products were 
sequenced using a Dye Terminator cycle sequencing kit (Applied 
Biosystems, Warrington). Sequences determined in this study were 
deposited in the GenBank database. The GenBank/EMBL/DDBJ 
accession numbers for the sequences of isolate CBS 1 3020 1 
(NYNU 113717) are KF690375 (Dl/Dl domain of the LSU 
rRNA gene), KF690366 (ITS) and KF690370 (SSU rRNA gene). 

Phylogenetic Analysis 

The sequences were compared pairwise through a BLASTN 
search [23] and aligned with sequences of related species retrieved 
from GenBank using the multiple alignment program CLUSTAL 
X version 1.83 [24]. Phylogenetic trees were constructed by the 
neighbour-joining method [25] with the evolutionary distance data 
calculated from Kimura's two-parameter correction [26] and the 
maximum likelihood method using the Tamura-Nei model [27] of 
MEGA version 5 [28]. Sites containing gaps in the alignments of a 
single gene or combined sequences were excluded. Confidences 
for the phylogenetic tree were estimated from bootstrap analysis 
(1000 replicates). The reference sequences used in this paper were 
retrieved from GenBank under the accession numbers indicated in 
Fig. 1 and 2. 

Nomenclature 

The electronic version of this article in Portable Document 
Format (PDF) in a work with an ISSN or ISBN will represent a 
published work according to the International Code of Nomen- 
clature for algae, fungi, and plants, and hence the new names 
contained in the electronic publication of a PLOS ONE article are 
effectively published under that Code from the electronic edition 
alone, so there is no longer any need to provide printed copies. 

In addition, new names contained in this work have been 
submitted to MycoBank from where they will be made available to 
the Global Names Index. The unique MycoBank number can be 
resolved and the associated information viewed through any 
standard web browser by appending the MycoBank number 
contained in this publication to the prefix http://www.mycobank. 
org/MB. The online version of this work is archived and available 
from the following digital repositories: PubMed Central; 
LOCKSS. 



Table 1. Summary of new species isolated in this study. 





Isolation No. 


Strain designation 3 




Source 


Locality 




CICC 


CBS 






NYNU 13715 






Frass from Quercus aliena 


Baotianman Mountain, Henan, China 


NYNU 13717 


33021 


13020 T 


Frass from Quercus variabilis 


Baotianman Mountain, Henan, China 


NYNU 13729 






Frass from beetle larva 


Baotianman Mountain, Henan, China 


NYNU 13745 






Frass from Quercus aliena 


Laojieling Mountain, Henan, China 



a T, ex-type strain; CICC, China Center of Industrial Culture Collection, Beijing, China; CBS, Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands. 
doi:1 0.1 371 /joumal.pone.01 03737.t001 
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70 .Candida sanyaensis HN-26 T (JQ6479 1 4) 
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CaMrfirfaJj-opiCflJiiNRRL Y-l 2968 T OJ45749) 
-CawaWamaJfosaNRRL Y-17677 T (U45745) 
Candida neerlandicaURRLY -27 057 T (AF245404) 
l-Cawrfida viswamartiii NRRL Y-6660 T (U45752) 

^-Candida iodderae NRRL Y-l 73 1 7 T (U45755) 

Candidaparapsilosis NRRL Y-l 2969 T (U45754) 
Lodderomyces elongisporus NRRL YB-4239 T (U45763) 
Candida dubliniensis NRRL Y-l 7841 T (U57685) 
Candida albicans NRRL Y-l 2983 T (U45776) 




Spathaspora brasiliensisHMDl 9 .3 T (JN09927 1) 

■Candida materiae UFMG 07-C15.1B T (FJ1 54790) 
Spathaspora suhiiXMDl 6. 2 T (JN099270) 

Candidajeffriesii BG02-6 -6-1-10 T (AY52041 5) 
Spathaspora arbor ariae ATC C M Y A-46 8 4 T (H Q2 6 3 36 9) 
Spathasporapassaiidarum NRRL Y-27907 T (FJ6 1 468 1) 



i SpathasporaroraimanensisXMD23 .2 T (JN099269) 

' — Spathaspora xylqfermentansUUD23 .3 T (JN099268) 
Candida lyxosophiia ATCC MYA-4685 1 rHQ876049) 



64 



99 



CWid'a subhashii UAMH 1 0 7 44 T (EU8 36708) 
9 8j-'&f3wo«ra'o»!/ce5 ' sp. NN2W7 1 (HM46 1704) 
p- '.SfcJwaHraom/ces ' sp . S 1 1 - 1 (AB 715420) 

1 Hemisphaericaspora nattyangettsis CBS 13020 T (KF690375) 

Candida insectamans NRRL Y-7786 T (U45753) 



99 



70 



93 



r&toe^ersom/ces goswgica ATCC MYA-4750 T (RQ999955) 
L Scheffersomyces spartinae NRRL Y-7322 T (U45764) 
WjS?tefferso»gw«s stipitis NRRL Y-7124 T (U45741) 
iScfceyersom/ces sego&ewsjs NRRL Y-l 1 57 1 T (U45742) 
r&^ersomyces insectosa NRRL Y-l 2854 T (U45773) 
Scbej^rsom/ces/igMosusNRRL Y-l 2856 T (U45772) 



63 



52 
79 



StWerjomjJcessfcefcafaeNRRL Y-l 2858 T 0145761) 
Scheffersomyces quercinus NRRL Y-48825 r (KC479702) 
99 .CaMd-jrfa ipokftco/a NRRL Y-l 7080 T 0145777) 
■ Candida schatavii NRRL Y-l 7078^ (U45795) 



55 



Candida oleophiia NRRL Y-23 1 7 T (U45793) 
r— Candida zeylanoides NRRL Y-l 774 T (U45832) 
53 fi7lr C an d'da santamariae var. santamariae NRRL Y-6656 T (U45794) 
i—l * n 1- Candida santamariae var. membranifaciens NRRL Y- 1 7 6 47 T (U45 785) 
92 r-Cawrfirfa nataiensis NRRL Y-l 7680 T QJ458 1 8) 
Candida quercitrusa NRRL Y-5 3 9 2 Y (U45 8 31 ) 
Candida frag NRRL Y- 1 7 9 1 0 T (U7 1 0 7 1 ) 
CandidamultigemmisNRRL Y-l 7659 T (U45782) 



66j •SkftwaMMJom^ces^of/morpfjus var. africanus JCM 7443 T (AB054994) 
U-Schwanniomycespolymorphus var. polymorphusNRRL Y-2022 T OJ45836) 
^—SchwanniomycespseudopotymorphitsNRRL YB-4229 T OJ45845) 
tSchwanniomyces vanrijiae v&i.yarrowii NRRL Y-7535 T OJ45843) 
9gT- Schwanniomyces vanrijiae var. vanrijiae NRRL Y-7 430 * (U45842) 
j-Schwanniomycescapriottii NRRL Y-7 42 3 T (U45841) 

T ScfcH'aMraom/ces.j'amadae NRRL Y-l 1714 T (U45837) 

_99_ r Stf!ivc3WJi!om/ces occidentalis var. occidentaiis NRRL Y-l 0 T (U45804) 
^-5tf!wa««!omj'ce5 0cc!'d'e«fa/!s var.^ej-joorai NRRL Y-7 400 * (U45840) 
iCteiia^omyces su&gfo&osus JCM 1 989 T (JN940503) 
iDebaryomyces hansenii NRRL Y-7426 T OJ45808) 
[rDebaryomyces udenii NRRL Y-l 7354 *QJ45844) 
^Debaryomyces robertsiae NRRL Y-6670 * (U45805) 

r— Ca«^ap57c^opto7aNRRLY-17665 T QJ45813) 
7 ir-De&arpcra/ce:; nepalensis NRRL Y-7 108 * (U45839) 
— -\ — Debaryomyces maramn NRRL Y-2171 T (U45838) 
|89 Lrtebar/om/cei coudertii NRRL Y-7425 T (U45846) 

pebaryomyces prosopidis JCM9913 T (AB054993) 
^Debaryomycesfabryi RRL Y-l 79 1 4 T (U94927) 

Debaryomyces mycophilusCBS 8300 T (AF440015) 



51 



De&ar/omycejs rewanSUT 1S03 T (EF653953) 

70,— Stbeyersom/ces frgra'coJa ST-33 " (AY845350) 

73_TT ScheffersomycesergastensisNRRL Y-17652 T (U45746) 

"I — Scte^ersom/cescoipomoewisNRRL Y-l 7651 T OJ45747) 
82 r-CandidafSuviatilis NRRL Y-77 1 1 T (U457 1 7) 



99 



"LCfl«rf!rfapa;m;o;eopMa NRRL Y-l 7323 T OJ45758) 

on .Candida glaebosaNRRL Y-6949 T OJ45757) 
^ir-Candida saitoana NRRL Y-l 73 1 6 T (U45762) 
83T-Ca«rf!daj55eurfog;ae&asa NRRL Y-l 79 1 1 T (U7 1 072) 

Candida sophiaere0naemRLY-\7 662 T (U45817) 

Candidasake NRRLY-1622 T (U45728) 

&tezosaccfcarom/ceipom&e NRRL Y-l 2796 T (AY046272) 
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Figure 1. Phylogenetic tree constructed by neighbour-joining analysis based on the sequence of the D1/D2 domain of the large 
subunit rRNA gene showing the relationships of Hemisphaericaspora nanyangensis sp. nov. and other species of the genera assigned 
to Debaryomycetaceae [1,12,33,34]. Bootstrap values above 50% are given at nodes based on 1,000 replications. Bar, 0.02 substitutions per 
nucleotide position. Schizosaccharomyces pombe NRRL Y-12796 1 was used as an outgroup. 
doi:10.1371/journal.pone.0103737.g001 



Results and Discussion 

Hemisphaericaspora nanyangensis gen. nov., sp. nov., an 
Ascosporogenous Yeast Species 

The four isolates of Hemisphaericaspora nanyangensis were 
identical in sequences, morphology, and physiology. BLAST 
sequence similarity search of the GenBank database showed no 
other yeast taxon to have a D1/D2 sequence identical to the novel 
species. The closest matches, in terms of D1/D2 sequence 
similarity, were two undescribed ' Schwanniomyces' species namely 
strains NN2W71 and SI 1-1 (HM461704 and AB715420), with 



over 2% sequence divergence (12 substitutions). The new species 
significandy differed from its nearest phylogenetic neighbour, 
Candida insectamans (U45753), by 12.6% sequence divergence 
(63 substitutions and 9 gaps) in D1/D2 sequences. For the ITS 
region, this new species differed by 7.6% sequence divergence (24 
substitutions and 1 1 gaps) from their closest relative, the 
unidentified 'Schwanniomyces' sp. strain NN2W71 (JQ901901), 
but the pairwise sequence analysis with 'Schwanniomyces' sp. strain 
SI 1-1 and C. insectamans could not be performed because their 
ITS sequences are not currently available from either the NCBI 
GenBank database or from the CBS database. According to the 
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f Spatkaspora arborariae ATCC MYA4684 T (JQ023156/HQ876048) 
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55 L Spatkaspora passalidarum ATCC MYA4684 T (DQ232894/FJ6 14681) 
73 I — Candida lyxosophila ATCC MYA4685 T (HQ876039/HQ876049) 
£4 | Hemisphaericaspora nanyangensis CBS 13020 T (KF6903" ? 0 



-Candida insectamans JCM 9611 T (AB013518/TJ45753) 



98 



— Candida albicans NRRL Y-12983 T (HQ876034/TJ45776) 

Lodderomyces ebngisporus ATCC 11503 T (HQ876033/HQ876050) 

-Yamadazyma philogaea NRRL Y-7813 T (JQ698914/JQ689048) 



■ Meyerozyma guilliermondii NRRL Y-2075 T (JQ6989 1 3/JQ689047) 



64 



Debaryomyces hansenii NRRL Y-7426 T (JQ6989 1 0/JQ68904 1) 
Millerozyma farinosa JCM 10734 T (AB 05428 1/JQ689046) 



I — Schwanniomyces occidentalis NRRL Y-10 T (JQ698911/JQ689042) 

Priceomyces haplophilus NRRLY-7860 T (JQ698908/JQ689039) 

Schejfersomyces spar&nae ATCC 18866 T (HQ876035/HQ876052) 



58 
72 



-Schetfersomyces stipitis ATCC 58376 T (HQ651939/KC479699) 
— Candida JluviaUlis ATCC 38621 T (HQ651947/KC479696) 



I Candida oleophila ATCC 28137 T (HQ876036/HQ876053) 

Babjeviella inositovora NRRL Y-l 2698 T (JQ6989 17/Q689053) 

Schizosaccharomyces pombe NRRL Y-l 2796 T (AY046272/JQ689077) 



Figure 2. Phylogenetic tree constructed by maximum likelihood analysis based on the combined gene sequences of the nearly 
entire SSU rRNA and D1/D2 domain of LSU rRNA depicting the placement of Hemisphaericaspora nanyangensis sp. nov. and 
representative neighbouring taxa in the family Debaryomycetaceae [2,12,30]. Bootstrap values above 50% are given at nodes based on 
1,000 replications. The sequence accession numbers are shown in parentheses with the first number representing SSU rRNA gene and the second 
representing D1/D2 LSU rRNA gene. Bar, 0.01 substitutions per nucleotide position. Schizosaccharomyces pombe NRRL Y-12796 7 was used as an 
outgroup. 

doi:10.1371/journal.pone.0103737.g002 



PLOS ONE | www.plosone.org 



4 



July 2014 | Volume 9 | Issue 7 | e103737 



A New Genus Hemisphaericaspora of the Family Debaryomycetaceae 
Table 2. Physiological characteristics that differentiate H. nanyangensis sp. nov. from C. insectamans 3 . 



Characteristic 


H. nanyangensis 


C insectamans 10 


Fermentation of 


Glucose 




s 


Assimilation of 


Sucrose 


w 




Raffinose 


+ 




Soluble starch 




+ 


D-Gluconate 


w 




DL-Lactate 


+ 




Succinate 




+ 


Citrate 




+ 


Ethanol 




+ 


Growth in/at 


Acetic acid 1 % 


+ 




Vitamin-free medium 


+ 




42°C 


+ 





a +, Positive; — , negative; s, slowly positive; and w, weakly positive. 
b Data from [35]. 

doi:1 0.1 371 /journal.pone.01 03737.t002 



yeast species recognition from molecular data discussed in 
Kurtzman and Robnett and Kurtzman [20,29], we concluded 
that the new isolates represent a novel species distinct from 
presently described and undescribed species. 

The phylogenetic placement of the novel species based on D 1 / 
D2 sequences is shown in Fig. 1. D1/D2 sequence analysis 
indicates that H. nanyangensis sp. nov. is genetically separate from 
known species and forms a small isolated clade along with two 
undescribed yeast strains and Candida insectamans. This clade is 
related to the Lodderomyces and Spathaspora clades. As D1/D2 
sequence analysis seldom provides strong support for deep 
lineages, the hypothesis that H. nanyangensis sp. nov. represents 
a separate genus was tested by analysing concatenated gene 
sequences from nearly the entire SSU rRNA and D1/D2 domain 
of the LSU rRNA. Reference species included representatives of 
neighbouring teleomorphic genera and phylogenetically isolated 
neighbouring Candida lineages assigned to the family Debaryo- 
mycetaceae [2,12,30]. Maximum likelihood analysis showed that 
the proposed genus Hemisphaericaspora gen. nov. is well separated 
from neighbouring species and genera (Fig. 2). In the analysis, the 
Hemisphaericaspora clade (84% bootstrap support) is flanked by 
sister clades. From the preceding analysis, the Hemisphaericaspora 
clade appears to be phylogenetically separate from other clades of 
the family Debaryomycetaceae, which supports the proposal that 
H. nanyangensis sp. nov. represents a new genus. Moreover, two 
undescribed 'Schwanniomyces' species that share similar D1/D2 
sequences (2 bp difference) cluster near the ex-type strain of H. 
nanyangensis sp. nov. (Fig. 1), which suggests that they represent a 
novel species of the new genus proposed in this study but not a 
new Schwanniomyces species. 

The new genus for Hemisphaericaspora could be recognised 
from neighbouring sister genera Lodderomyces and Spathaspora by 
the morphology of ascospores. L. elongisporus and species of the 
genus Spathaspora are known to produce ellipsoidal or elongated 
ascospores [4,31], whereas H. nanyangensis sp. nov. has 
hemispheroid or helmet-shaped ascospores. H. nanyangensis sp. 
nov. could be further distinguished from its phylogenetically closest 



recognised neighbour, C. insectamans, based on the following 
characteristics: H. nanyangensis sp. nov. assimilates sucrose, 
raffinose, D-gluconate and DL-lactate but unable for soluble 
starch, succinate and citrate. H. nanyangensis sp. nov. possesses 
the ability to grow in vitamin-free medium and 1 % acetic acid and 
at 42°C. H. nanyangensis sp. nov. lacks the ability to ferment 
glucose (Table 2). Although H. nanyangensis sp. nov. can be 
distinguished from C. insectamans by standard phenotypic 
characteristics, DNA sequence-based identification is desirable 
because phenotype-based identification is potentially time-con- 
suming, expensive and inaccurate. 

Phylogenetic Placement of Candida insectamans 

C. insectamans was described to accommodate an isolate from 
the frass of buprestid beetle larvae in southern Africa [11]. 
Kurtzman and Robnett linked the species to Candida sake on the 
basis of the D1/D2 domain of LSU rRNA gene sequences [20]. 
Analysis of available SSU rRNA gene dates weakly links C. 
insectamans to Candida lyxosophila and to the Lodderomyces clade 
[32]. Studies based on both sequences document a link to the 
ascogenous genus Spathaspora and related Candida species, 
including C. lyxosophila [1,4]. C. insectamans formed a genetically 
separate lineage within the Spathaspora clade but with little or no 
bootstrap support in the D1/D2 tree drawn by Cadete et al [33]. 
Phylogenetic analysis based on the D1/D2 domain of the LSU 
rRNA gene in this study indicated that C. insectamans and H. 
nanyangensis sp. nov. are related (Fig. 1). This finding was 
supported with high bootstrap values and confirmed by the 
phylogenetic tree based on the combined gene sequences of nearly 
the entire SSU rRNA and D1/D2 domain of LSU rRNA (Fig. 2). 
Nucleotide divergence in the SSU rRNA gene is concordant with 
that in the D 1 /D2 domain of the LSU rRNA gene and further 
suggests that C. insectamans and H. nanyangensis sp. nov. are 
closely related to each other. Furthermore, some morphological 
characteristics of C. insectamans, such as white, glossy colonies 
with filamentous margin, are somewhat similar to those of the new 
species. Based on our phylogenetic analysis and the phenotypic 
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Figure 3. Photomicrographs of Hemisphaericaspora nanyangensis sp. nov. CBS 13020 T . (A) Budding cells on YM broth after 3 days at 25°C. 
(B) Elongated vegetative cells on YM cultured for 7 days at 25°C. (C) Pseudohyphae on cornmeal agar after 12 days at 25°C. (D) Septate hyphae with 
vegetative cells on cornmeal agar after 1 2 days at 25°C. (E) An ascospore within the ascus after 1 week on YCBS agar at 25°C. (F) An ascospore (arrow) 
released from the ascus after 2 week on YCBS agar at 25°C. Bar = 10 |im. 
doi:10.1371/journal.pone.0103737.g003 
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Table 3. Physiological characteristics and other growth tests of H. nanyangensis sp. nov. ; 





Fermentation 


D-Glucose 




Raffinose 




Melibiose 




D-Galactose 




ot,a-Trehalose 




Melezitose 




Sucrose 




Inulin 




Starch 




Maltose 




Cellobiose 




D-Xylose 




Lactose 




Methyl-a-D-glucoside 








Assimilation of carbon compounds 


D-Glucose 


+ 


Salicin 


+ 


D-Mannitol 


+ 


D-Galactose 




Arbutin 




Galactitol 




L-Sorbose 




Melibiose 




myo-lnositol 




D-Glucosamine 




Lactose 




D-Glucono-1 ,5-lactone 




D-Ribose 


w 


Raffinose 


+ 


2-Keto-D-Gluconate 


w 


D-Xylose 


w 


Melezitose 


w 


5-Keto-D-Gluconate 


+ 


L-Arabinose 




Inulin 




D-Gluconate 


w 


D-Arabinose 




Soluble starch 




D-Glucuronate 




L-Rhamnose 




Glycerol 


w 


D-Galacturonic acid 


+ 


Sucrose 


w 


Erythritol 




DL-Lactate 


+ 


Maltose 


+ 


Ribitol 


+ 


Succinate 




ot,a-Trehalose 


+ 


Xylitol 




Citrate 




Methyl-ot-D-glucoside 


+ 


L-Arabinitol 




Methanol 




Cellobiose 


+ 


D-Glucitol 




Ethanol 




Assimilation of nitrogen compounds 


Nitrate 




Cadaverine 




Imidazole 


+ 


Nitrite 




Creatine 




D-Tryptophan 




Ethylamine 


+ 


Creatinine 








L-Lysine 


+ 


Glucosamine 








Growth tests 


10%NaCI/5% glucose 




0.01% Cycloheximide 




Growth at 37°C 


+ 


16%NaCI/5%glucose 




0.1% Cycloheximide 




Growth at 40°C 


+ 


50% Glucose 




Vitamin-free medium 


+ 


Growth at 42°C 


+ 


60% Glucose 




1% Acetic acid 


+ 


Growth at 45°C 




Additional tests 


Starch formation 




Urea hydrolysis 








Acetic acid production 




Diazonium blue B reaction 









a +, Positive; — , negative; and w, weakly positive. 
doi:1 0.1 371 /journal.pone.01 03737.t003 



characteristics we observed, we suggest that C. insectamans should 
be transferred to the genus Hemisphaericaspora and propose a new 
combination. 

Description of Hemisphaericaspora Hui, Ren, Chen, Li, 
Zhang & Niu gen. nov. 

Hui et al. 2014, sp. nov. [urn:lsid:imycobank.org:names: 
MycoBank accession number MB 808357. 

Asexual reproduction is by budding. Vegetative cells are mosdy 
globose or subglobose. Septate true hyphae and pseudohyphae are 
present. Globose or subglobose asci arise without conjugation and 
contain one to two hemispheroid or helmet-shaped ascospore. Asci 
are deliquescent. The single known species does not ferment 
sugars. Nitrate is not utilized as a sole source of nitrogen. Acetic 
acid is not produced. Extracellular starch is not produced. 
Diazonium blue B reaction is negative. The genus Hemisphaer- 



icaspora appears most closely related to the genera Lodderomyces 
and Spaihaspora (Fig. 1 and 2). The new genus can be separated 
from other members of the Debaryomycetaceae by gene sequence 
analysis. 

Type species. Hemisphaericaspora nanyangensis Hui, Ren, 
Chen, Li, Zhang & Niu. 

Etymology. The generic name Hemisphaericaspora (He.mi- 
s.phae.rica'spo.ra; Lat, adj. fern.) refers to the hemisphere shape of 
the ascospores produce by type culture of Hemisphaericapora 
nayangensis. 

Description of Hemisphaericaspora nanyangensis Hui, 
Ren, Chen, Li, Zhang & Niu sp. nov. 

Hui et al. 2014, sp. nov. [urn:lsid:imycobank.org:names: 
MycoBank accession number MB 808358. 

After 3 days at 25°C in YM broth, cells are globose to 
subglobose (3-8x4—10 Hm), occurring singly or in pairs (Fig. 3A). 
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Budding is multilateral. Septate hyphae may be present but no 
pseudohyphae are observed. Sediment is formed after a month but 
a pellicle is not observed. After 7 days at 25°C on YM agar, 
elongated vegetative cells are present (Fig. 3B). Colonies are white, 
butyrous, smooth and glistening. Colony margins are mosdy 
smooth with occasional filamentous growth. After 12 days at 25°C 
on Dalmau plate culture on cornmeal agar, pseudohyphae and 
septate hyphae with vegetative cells are formed (Fig. 3C-D). 
Aerobic growth is white, dull and wrinkled with a fringed margin. 
Asci are globose or subglobose and commonly from single cell on 
cornmeal agar and YCBS agar at 25°C after 6 days (Figs. 3E). 
Each ascus contains one to two hemispheroid or helmet-shaped 
ascospores. Asci are deliquescent (Figs. 3F). Results of fermenta- 
tion and assimilation tests commonly used in yeast taxonomy are 
given in Table 3. 

Ex-type strain. CBS 13020 T ( = CICC 33021) is preserved as 
a lyophilised preparation at the China Center of Industrial Culture 
Collection (CICC), Beijing, China, as well as at the Yeast 
Collection of Centraalbureau voor Schimmelcultures (CBS), 
Utrecht, the Netherlands. The strain was isolated from the frass 
of beetle larvae collected in July 20 1 3 from Baotianman Nature 
Reserve in Nanyang, Henan Province, central China (Table 1), 
the coordinates for which are 33°27'N and 1 1 1°48'E. 
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